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Abstract
Objective—How does the behavioral expression of autism in fragile X syndrome (FXS+Aut)
compare to idiopathic autism (iAut)? While social impairments and restricted, repetitive behaviors
(RRBs) are common to both variants of autism, closer examination of these symptom domains
may reveal meaningful similarities and differences. To this end, we profiled the specific behaviors
comprising the social and repetitive behavioral domains in young children with FXS+Aut and
iAut.
Method—Twenty-three males ages 3–5 years with FXS + Aut were age-matched with a group of
38 boys with iAut. Repetitive behavior was assessed using the RBS-R. Social behavior was
evaluated using Autism Diagnostic Observation Schedule (ADOS) social item severity scores.
Results—Rates of stereotypy, self-injury, and sameness behaviors did not differ between groups,
whereas compulsive and ritual behavior scores were significantly lower for individuals with FXS
+ Aut compared to iAut. Those with FXS + Aut scored significantly lower (less severe) than the
iAut group on five ADOS measures of social behavior: Gaze Integration, Quality of Social
Overtures, Social Smile, Facial Expressions, and Response to Joint Attention.
Conclusions—The behavioral phenotype of FXS + Aut and iAut are most similar with respect
to lower-order (motoric) RRBs and social approach, but differ in more complex forms of RRB and
some social response behaviors. These findings highlight the phenotypic heterogeneity of autism
overall and its unique presentation in an etiologically distinct condition.
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Fragile X syndrome (FXS) is the most common known inherited cause of intellectual
disability (ID).1 The behavioral phenotype of FXS includes a number of classically
“autistic” features, including motor stereotypies and self-injurious behavior (SIB),
perseverative behavior, social avoidance, poor eye contact, and odd or delayed speech.2–7
Because of phenotypic overlap with idiopathic autism (iAut), FXS is increasingly
considered a subtype of autism or itself one of the “autisms”.8, 9 Approximately one third of
boys with FXS meet DSM-IV criteria for autism, with nearly a third more meeting criteria
for a pervasive developmental disorder.5, 7
If the FXS phenotype includes many classically autistic features, what differentiates children
with FXS who receive a diagnosis of autism? It has been suggested that excess repetitive
behavior may account for many of the autistic symptoms associated with FXS.10–12 For
example, stereotypical manipulation of objects differentiates children with FXS + Aut from
those without an autism diagnosis.13, 14 This is notable given that repetitive object
manipulation is among the earliest distinct markers of iAut.15 However, other forms of
repetitive behavior, such as compulsivity or SIB, are elevated in children with FXS
regardless of the presence of autism.16, 17 Separate lines of research have identified key
differences in social behaviors between those with FXS with and without autism.6, 7 Social
avoidance and failure to recognize social cues may drive a diagnosis of autism in FXS,
though impairments in this domain are expressed on a continuum in FXS regardless of
comorbid condition.18, 19 Because social avoidance or anxiety are common to children with
FXS generally, it may not reliably distinguish those with and without autism.20 Minor
degrees of difference in social performance may determine whether a given individual falls
just above or below the level of clinical significance on autism assessments.6, 20, 21 As of
yet, the precise constellation of repetitive and social behaviors constituting autism in FXS
remains unclear.
Studies comparing individuals with FXS with and without autism only partially informs the
phenotype of FXS+Aut. By definition, autistic behaviors are more severe in FXS+Aut
relative to FXS without autism. There are comparatively fewer direct comparisons between
FXS + Aut and iAut. Bailey et al.22 found that FXS + Aut is characterized by a similar but
generally milder profile of autistic symptoms compared to iAut. Others have found that
children with FXS + Aut closely resemble those with iAut on total and symptom domain
scores taken from both the Autism Diagnostic Interview (ADI-R) or Autism Diagnostic
Observation Schedule (ADOS).7, 23 It is worth noting that most group comparisons utilize
summary-level diagnostic measures. This approach generally lacks the precision necessary
to identify specific behavioral differences. Studies comparing discrete social behaviors
between groups have found that those with FXS + Aut show significantly less impairment
on measures of social smiling, shared enjoyment, and amount and quality of social
interactions.6, 11 Kau et al.11 concluded that given their intermediate profile of social
impairments, children with FXS+Aut likely receive an autism diagnosis due to high rates of
repetitive behavior and limited communication ability. This view is supported in part by
recent findings showing significantly higher rates of repetitive behavior in adolescents and
adults with FXS+Aut compared to individuals with iAut.24
Autism is highly heterogeneous, but its association with FXS affords the opportunity to
refine a behavioral phenotype against a stable genetic background. A fine-grained
examination of the FXS+Aut phenotype would clarify this specific variant of autism and
inform studies seeking to establish gene-brain-behavior relationships.25, 26 In the present
study, we aimed to: 1) Characterize constituent features of repetitive and social behaviors in
young males with FXS + Aut, and 2) Compare and contrast those patterns of behavior with a
comparison group of young males with iAut. Because the expression of autistic behaviors
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are known to change over time, the present study focused on a single age cohort (3–5 year
olds) to control for the effects of age on behavior.14, 27
Method
Participants
Participants were part of a collaborative imaging study of FXS.28, 29 Children with FXS
were recruited through regional and national FXS organizations and research registries
maintained by either Stanford University or the University of North Carolina (UNC). A
comparison group of children with iAut were recruited through UNC’s Division Treatment
and Education of Autistic and Related Communication-Handicapped CHildren (TEACCH)
and Stanford area clinics. Exclusion criteria for the parent study included evidence of
tuberous sclerosis (TS), history of central nervous system (CNS) injury (e.g., cerebral palsy,
significant pregnancy complications or perinatal/postnatal trauma, drug exposure),
prematurity (<34 weeks), low birth weight (<2000 g), seizures, and significant motor or
sensory impairments. For the present study sample, children ages 3 to 5 with: a) complete
Repetitive Behavior Scales (RBS-R,30), and b) an Autism Diagnostic Observation Schedule
(ADOS-G31) classification of autism and Autism Diagnostic Interview (ADI-R32) scores
consistent with this classification were included, yielding a total cross-sectional sample of
23 males with FXS + Aut (mean age 4, SD = .8) and 38 with iAut (mean age 4.2, SD = 1).
Full mutation FXS (>200 CGG repeats) was confirmed with the standard Southern Blot
technique and testing for Fragile X protein (FMRP) expression by calculating the percentage
of peripheral lymphocytes containing FMRP.33 Participants in the iAut group were excluded
for evidence of FXS. Participants meeting ADOS criteria for “autism spectrum” were not
included in either the iAut or FXS + Aut groups. Study approval was acquired from
University of North Carolina and Stanford University Institutional Review Boards and
written informed consent obtained from parents or custodial guardians for each participant.
Measures
The RBS-R is a 43 item parent-rated measure of discrete types of repetitive behavior and
yields both total and subscale scores.30 The RBS-R is comprised of six subscales:
stereotyped behavior, self-injurious behavior, compulsive behavior, ritualistic behavior,
sameness behavior, and restricted behavior. The RBS-R has been independently validated
for use among young children with autism.34
The ADOS is a standardized observational measure of behaviors associated with autism. It
includes a variety of semi-structured activities and presses intended to assess
communicative, social, and play behavior.31 Individual items from the social domain of the
ADOS were used to compare performance on specific social behaviors in a manner similar
to recent work by Hall et al.6 To examine whether social avoidance or anxiety rather than
social indifference drives social deficits in FXS + Aut, we were specifically interested in
those social behaviors representing social initiation versus social responsiveness.11, 18 The
12 items comprising the ADOS-G module 1 social domain were rationally derived into 3
categories prior to analysis based on item-level behavioral coding descriptions and
experience administering the measure to young children. Items were classified as measuring:
1) primarily social initiation, 2) primarily social response, and 3) unable to classify. Those
behaviors determined to primarily measure social initiation were: Integration of Gaze,
Requesting, Giving, Showing, Initiation of Joint Attention (IJA), and Quality of Social
Overtures. Those behaviors determined to primarily measure social response were:
Response to Name, Responsive Social Smile, Facial Expressions (socially directed), Shared
Enjoyment, and Response to Joint Attention (RJA). One item, Unusual Eye Contact, could
not be classified as either primarily a measure of social initiation or social response and was
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not included in our analyses. ADOS item scores of ‘2’ and ‘3’ were collapsed into a single
score, consistent with ADOS severity scoring convention.35 Though all participants had
total ADOS algorithm scores, 5 children in the iAut group were not included in social
domain analyses (4 with missing item level data and 1 with module 2 scores). The Mullen
Scales of Early Learning, a standardized measure of cognitive and motor development for
use in early childhood, was administered to all participants.36 Mullen Early Learning
Composite (ELC) standard scores and derived ratio IQ scores were used to characterize
general intellectual ability. All behavioral assessments were administered by trained
clinicians at either Stanford University or UNC. Inter-rater reliability was initially
established and regularly monitored between raters and sites.
Analyses
Statistical tests were performed using SPSS 18 (SPSS Inc., Chicago IL). For the purposes of
this study, RBS-R subscale scores were generated and compared between groups (FXS +
Aut and iAut). Because each subscale contains a different number of items, comparisons
cannot be made across subscales, but may be made between groups on the same given
domain of repetitive behavior. ADOS social item mean scores were generated for both
groups and sorted into domains of social initiation or social response. Mean RBS-R subscale
scores and ADOS social initiation and social response items were compared using type-III
sum of squares multiple-analysis of covariance, with group status fit as the dependent
variable and ratio IQ scores (derived from Mullen age equivalent scores) as a covariate.
As a follow-up analysis, a subset of the iAut group was matched to the FXS + Aut group
using SPSS on the basis of ratio IQ scores. Those RBS-R or ADOS items that differed
between groups in the original sample were compared between developmentally matched
groups through Bonferroni corrected multiple-analysis of variance.
Results
The mean age of administration for the RBS-R was 4.0 (SD = .8) for the FXS + Aut group
and 4.2 (SD = 1) for iAut group. There were no significant group differences by age of RBS-
R administration, t(59) = 1.5, p = .16. The mean age of ADOS and Mullen assessments for
the FXS + Aut group was 3.8 (SD = .7) and 3.6 (SD = 1) for the iAut group. Groups did not
differ significantly on age of ADOS or Mullen assessments, t(54) = 1.1, p = .27. As
expected, mean Mullen ELC scores differed significantly between FXS + Aut (M = 49.8,
SD = 2.6) and iAut (M = 62, SD = 20.1), t(59) = 2.9, p = .005. Because Mullen ELC
standard scores for 78% of boys with FXS+Aut and 56% of boys with iAut were at the floor
of the measure, ratio IQ scores were computed based on Mullen age equivalent scores
([mental age (MA)/chronological age (CA)]*100). Mean ratio IQ for boys with FXS+Aut
was 30.2 (SD = 16.3; range: 8.9–60.8), and 38.4 (SD = 19.2; range: 14.2–92) for boys with
iAut. Ratio IQ scores were fit as a covariate in subsequent models.
Repetitive and Social Behavior, FXS + Aut vs. iAut
Omnibus multivariate analysis of covariance (MANCOVA) results for RBS-R subscale
scores were at the level of significance (Wilks’ lambda = .8, F6,53 = 2.3, p = .05). Among
RBS-R subscales, the iAut group scored significantly higher (more severe) than FXS + Aut
for compulsive and ritual behavior. Stereotypy, self injurious behavior (SIB), sameness, and
restricted behavior did not differ significantly between groups. Group descriptive and
MANCOVA test statistics for RBS-R subscale items are presented in Table 1. Mean
subscale scores with 95% confidence intervals are presented for FXS + Aut and iAut groups
in Figure 1.
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Omnibus test results for social initiation cluster was below the level of significance (Wilk’s
lambda = .71, F 5, 50 = 3.2 p = .01). For comparisons of ADOS social items constituting
social initiation, the FXS + Aut group scored significantly lower (less severe) on measures
of Gaze Integration and Quality of Social Interactions. Groups did not differ significantly on
measures of Requesting, Giving, Showing, and IJA. For the social response domain,
omnibus test results indicated a significant difference between groups (Wilks’ lambda = .53,
F 5, 50 = 8.8, p < .001). For ADOS social items classified as primarily social response, the
FXS + Aut group scored significantly lower (less severe) on measures of Social Smile,
Facial Expressions, and RJA. Group descriptive and MANCOVA test statistics for both
social initiation and social response domains are presented in Table 2. Mean social initiation
and social response scores for groups with 95% confidence intervals are presented in Figures
2 and 3, respectively.
Matched-Sample Follow-up
In order to more directly control for the potential effects of intellectual ability on repetitive
and social behaviors, a subset of the iAut was matched to the FXS + Aut sample on the basis
of ratio IQ scores computed from the Mullen, yielding 23 boys in each of the FXS + Aut and
iAut groups. The mean IQ score for this matched iAut sample was 32.7 (SD = 15). This
matched sample did not differ from the FXS + Aut group, t(44) = .07, p = .95 on general
cognitive development as measured by the Mullen. The matched groups did not differ on
age at administration of either RBS-R [t(44) = 1.2, p = .25] or ADOS [t(44) = −.9, p = .36]
measures. RBS-R subscales and ADOS social items for which groups significantly differed
in the original analysis were included in the matched-sample follow-up. FXS + Aut and iAut
groups were compared on RBS-R compulsive and ritual behavior subscales; ADOS social
initiation domain items Gaze Integration and Quality of Social Overtures; ADOS social
response domain items Social Smile, Facial Expressions, and RJA. These analyses were
Bonferroni adjusted for multiple comparisons.
Compulsive behavior scores for FXS + Aut (M = 2.2, SD = 1.8) were significantly lower
than those for iAut (M = 5.9, SD = 3.8), F1, 45 = 18.7, p < .01. Ritual behavior scores for
FXS + Aut (M = 2, SD = 2.3) were significantly lower than those for iAut (M = 4.5, SD =
2.9), F1, 45 = 10.8, p = .01. For ADOS social initiation domain items, scores for Quality of
Social Overtures score were significantly lower (less impaired) for FXS + Aut (M = 1.4, SD
= .5) than iAut (M = 1.8, SD = .4), F1, 45 = 8.3, p = .04. Gaze Integration scores did not
differ significantly between FXS + Aut (M = 1.4, SD = .7) and iAut (M = 1.9, SD = .3),
F1, 45 = 6.3, p = .11. For ADOS social response items, FXS + Aut scores for Social Smile
were significantly lower for FXS + Aut (M = .9, SD = .9) than iAut (M = 1.9, SD = .3),
F1, 45 = 20.6, p < .01. Scores for Facial Expressions were significantly lower for FXS + Aut
(M = 1.1, SD = .5) than iAut (M = 1.7, SD = .4), F1, 45 = 17, p < .01. Scores for RJA were
significantly lower for FXS + Aut (M = .7, SD = .9) and iAut (M = 1.4, SD = .8), F1, 45 =
8.2, p = .049.
Comparison to FXS without Autism
To provide additional context to the profile of behaviors observed in boys with FXS+Aut,
social and repetitive behavior data were compiled for 27 boys with FXS without (w/o) Aut.
This group included boys ages 3–5 from the parent study who did not meet cutoffs for
autistic disorder. The mean age for this group was 3.6 (SD = .8) for ADOS and Mullen
assessment and 4.2 (SD = 1) for the RBS-R. The mean Mullen ELC for this group was 57.9
(SD = 13.3). There were no significant differences in age or ELC scores between FXS w/o
Aut, and either FXS+Aut or iAut. Radar graphs were generated for RBS-R and ADOS social
domain data and are presented in Figure 4. These graphs illustrate patterns of behavior at the
item level for boys in three groups: iAut, FXS+Aut, and FXS w/o Aut.
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This study examined patterns of repetitive and social behavior in two groups of young boys
with autistic disorder—those with idiopathic autism (i.e., without FXS) and those with FXS.
Though we found similarities in some aspects of repetitive and social behaviors, a number of
key differences were identified. With regard to repetitive behavior, we observed the greatest
degree of symptom overlap in repetitive motor behaviors (stereotypy, self-injury), but
significantly less compulsive or ritual behavior in boys with FXS+Aut. This distinction is
important given that repetitive motor behaviors are linked to developmental disability in
general and are not specific to autism.37, 38 While our division of ADOS items by initiation
versus response did not fully delineate the social domain for boys with FXS+Aut, omnibus
results for these divisions do provide partial support for this approach. Boys with FXS+Aut
were characterized by significantly less impairment on measures of social response
including ‘Response to Joint Attention’, ‘Responsive Social Smile’, and ‘Facial
Expressions’, with effect sizes for items ‘Responsive Social Smile’ and ‘Facial Expressions’
particularly robust. These social behaviors appear relatively intact among boys with FXS
+Aut and may represent strengths unique to this variant of autism.11 Overall patterns of
social behavior between FXS+Aut and iAut were most similar for social initiation items
(Figure 4). Between-group differences in repetitive and social behaviors held-up to post-hoc
analyses using matched samples and conservative tests of significance.
These findings are consistent with existing work concerning the behavioral phenotype of
FXS + Aut and further inform the process by which autism comes to be diagnosed in
children with FXS. As with previous research, we found that children with FXS who meet
diagnostic criteria for autism may do so due to hyper-expression of the FXS behavioral
phenotype (e.g. excessive social avoidance, elevated repetitive motor behavior) rather than a
distinct condition that sets them apart from children with FXS without autism.6, 11, 22, 24
That autistic behaviors associated with FXS occur on a continuum mirrors the forthcoming
collapse of diagnostic categories into a single classification of autism spectrum disorder in
DSM-5, an acknowledgement, in part, of the dimensional nature of autism.39 Attention to
the dimensional expression of autistic behaviors among individual children with FXS may
be more meaningful than attempting to impose categorical distinctions which imply a bright-
line difference.6, 11, 21 Repetitive behaviors and social deficits associated with the FXS
phenotype occur on a continuum, and children meeting criteria for autism because of
behaviors constituting these domains may not be qualitatively different from those who do
not.7, 19, 40 Although we did not include boys with FXS (w/o aut) in our analyses, radar
graphs of behavior patterns in all three groups lend support to a dimensional view of autistic
behavior associated with FXS (Figure 4). Interestingly, there is evidence that this continuum
of autistic behavior extends beyond genetically defined categorical boundaries to unaffected
first degree relatives of individuals with FXS and iAut.41
The present findings also suggest that children with FXS + Aut may be more attuned to
social cues than their counterparts with iAut, capable of responding with appropriate social
modalities when pressed to do so.18, 42 For iAut, social deficits likely stem from a failure to
attend to social information and general social indifference, thus precluding appropriate
social behavior.43, 44 However, a lack of pro-social initiative alone does not necessarily
imply the absence of social ability or social awareness. For those with FXS + Aut, social
initiation deficits may reflect the social anxiety common to children with FXS.45, 46
Although children with FXS + Aut may avoid making social bids (e.g. Showing,
Requesting, IJA), they may be capable of appropriately responding to social bids made by
others (e.g. Responsive Social Smiling, Facial Expressions, RJA) despite rather severe
cognitive impairment. Social initiation deficits related to social anxiety may be particularly
pronounced in assessment settings with an unfamiliar assessor, contributing to the
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perception of general social impairment. Previous work has demonstrated that children with
FXS in general show a decrease in socially avoidant behavior over time in the presence of
new people, with children with FXS + Aut particularly slow to “warm-up” to unfamiliar
persons.20
A clear benefit of the homogeneity of FXS is that it provides an ideal model for identifying
neurobiological mechanisms associated with a known variant of autism.47–49 Recent work
has demonstrated that the neuroanatomical signature of FXS + Aut differs from iAut, with
the former characterized by highly enlarged caudate and small amygdale and the latter
characterized by modest caudate and amygdale enlargement.28, 29, 50 Complex forms of
repetitive behavior, such as compulsive and ritualistic behavior, have been positively
associated with caudate volume among individuals with iAut.51 Given that caudate in FXS
is enlarged relative to iAut, it is surprising that our results indicate that compulsive and ritual
behaviors are significantly lower among boys with FXS + Aut. This may suggest mediation
by associated structures or altered striatal connectivity, or perhaps an altogether different
neural basis.28 Separate lines of research have found that social avoidance is associated with
neuroendocrine dysfunction in children with FXS, 21, 52 while social indifference or
inattention to social cues has been tied to amygdale overgrowth and dysfunction in
iAut.53, 54 The neurodevelopmental pathways leading to seemingly similar, but qualitatively
different, social deficits between iAut and FXS + Aut may themselves differ with regard to
both brain (amygdale volume) and behavior (social indifference versus social avoidance).
Direct investigation of such specific brain–behavior relationships is needed, and FXS
affords the opportunity to do so absent the ‘noise’ characteristic of idiopathic autism.
There are a number of limitations to the present study. The use of item-level ADOS items to
capture and compare social behaviors represents unconventional use of this measure. We
used ADOS social items as discrete and standardized presses for specific social behaviors.
Though reliability is generally strong at the item-level, and severity scores generated to
control for variance, rater error and individual differences may be pronounced at this level of
analysis. Our delineation between items primarily concerning social initiation and social
response was made a priori based on item descriptions and experience with the ADOS.
However, this qualitative approach has not been psychometrically validated, and the extent
to which a behavior such as socially directed facial expressions, for instance, may be
considered as social response rather than initiation is certainly open to debate. It is feasible
that scores on ADOS social items reflect some degree of both social initiation and social
response contexts. Because the ADOS served both to behaviorally define autism and assess
social behavior related to autism, it is possible that group differences in social behavior
result more from means of sample selection. As with previous work of this type, there is the
possibility that the present findings are impacted by ascertainment bias inherent to
comparing individuals with a genetically defined disorder to clinically referred individuals.
For convergent validity, future work should consider employing a variety of measures to
better characterize behaviors of interest. The present study focused on boys meeting criteria
for autistic disorder; future work might extend analyses to females and/or autism spectrum
disorder.
The present study revealed distinct patterns of repetitive and social behavior among young
boys with FXS + Aut compared to iAut. In our sample, FXS + Aut was characterized by
elevated repetitive motor behaviors and social avoidance (impaired pro-social behavior), but
fewer compulsive and ritual behaviors and some evidence of less impaired social
responsiveness than children with iAut. Patterns of repetitive and social behavior in FXS +
Aut appear to resemble the phenotype of FXS generally, though more pronounced, and are
in part discordant with classic autistic disorder given the relative absence of a number of
cardinal features (e.g. compulsivity, impaired social smile). One advantage of a dimensional
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rather than categorical approach to behavior is the ability to detect subtle but potentially
meaningful differences between individuals and groups. When William Nyhan coined the
term “behavioral phenotype”, he proposed that cataloguing specific repertoires of behavior
would serve to differentiate syndromes which seemingly overlap.55 As we continue to
catalogue specific behavioral profiles, such as that for FXS + Aut, so do we provide
important insights into the pathogenesis of defining behavioral features associated with
neurodevelopmental disorders.
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Mean and 95% confidence intervals for Repetitive Behavior Scale, Revised (RBS-R)
subscale scores for boys with fragile X syndrome and autism (FXS + Aut) and idiopathic
autism (iAut). Note: * p < .05, ** p < .01, *** p < .001.
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Mean and 95% confidence intervals Autism Diagnostic Observation Schedule (ADOS)
social domain scores (social initiation) for boys with fragile X syndrome and autism (FXS +
Aut) and idiopathic autism (iAut). Note: JA = Joint Attention; * p < .05, ** p < .01, *** p
< .001.
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Mean and 95% confidence intervals for Autism Diagnostic Observation Schedule (ADOS)
social domain scores (social response) for boys with fragile X syndrome and autism (FXS +
Aut) and idiopathic autism (iAut). Note: JA = Joint Attention; * p < .05, ** p < .01, *** p
< .001.
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Radar graphs of Repetitive Behavior Scale, Revised (RBS-R) subscales and Autism
Diagnostic Observation Schedule (ADOS) social initiation and social response items for
boys with fragile X syndrome and autism (FXS + Aut), fragile X without autism (FXS w/o
Aut), and idiopathic autism (iAut). Note: IJA = Initiated Joint Attention; QoSO = Quality of
Social Overtures; RJA = Response to Joint Attention.
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